, A2 and A3).
139
Under hyper-allometry, or positive allometry, β is greater than one. In this case, as 140 trait x increases in size, trait y increases in size more rapidly ( Figure 1B1 ). As a result, In a homogenised sample, the total expression will be the sum of eq. 2 and eq 3.
226
However, with current methods, the observed value will be a proportion of the total 227 (C a,y ) ). In all comparisons we fixed G and C m , to 10,000 267 and 5,000 respectively, to reflect raw values of read counts obtained in a recent Seq dataset . C a,y was set to 5,000 so that results obtained reflect To further explore the practical relevance of these effects we also used our 
Effects of varying the allometric constant between groups
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We next used our model to assess the impact that differences in the allometric y overwhelms that of tissue x. The opposite will occur for x-specific genes. We find 345 that modest differences in β can produce large FC (≥1 or <-1). For example, when x = 346 10 in both groups and β = 0.5 in group one, -1>FC>1 when 0.2> β >0.9 in group two 347 (a β ratio of <0.4 or >1.8; Figure 4A ). As x increases the shift in β necessary to 348 produce this scale of difference decreases; when x = 100 it will occur when 0.3> β 349 >0.7 (a β ratio of <0.6 or >0.78), when x = 1,000 it will occur when 0.4> β >0.6 (a β C a,x and C a,y were both set to 5,000. In group two C a,y was again set to 5,000 but C a,x 363 was set to either 20,000, 10,000, 5,000, 2,500 or 1,250. This simulates the gain of 364 tissue-biased expression in group two with an inter-group log 2 -fold change (FC) for 365 C a,x of 2, 1, 0, -1 and -2 respectively. We first examined the effects of varying the 366 average size of the sample (as described above with x = 10 for group one, and 0.1 < x 367 < 100 in group two) whilst keeping α and β constant. We set the scaling parameters to 368 reflect moderately hyper-allometric scaling. As expected, as the size difference 369 between groups increases, the estimated FC rapidly declines ( Figure 5A ). Turning 370 next to inter-group differences in α, we set α to 0.1 in group one and varied α in 371 group two between 0.1 and 1, whilst keep x at 10 and β at 1.5. Again, as the 372 discrepancy between α 1 and α 2 increases, the measured FC decreases exponentially, 373 with even large FC differences in C a,x dropping below and FC of ±0.5 ( Figure 5B ). 374 Finally, we examined the effects of varying β by keeping β at 1.5 in group 1 and 375 varying βbetween 0.1 and 3 in group 2. α was set to 0.1 and x was set to 10 in both 376 groups. Again an effect of reduced detected FC is found with increase inter-group 377 differences in scaling parameters. Here, the effect is sigmoidal with an accelerated 378 decline in FC as the β ratio exceeds ~2.5 ( Figure 5C α to parameterise the model (Table S1) , and varied the degree of tissue-bias (here, 408 towards the testis) in expression for an average gene by setting C a,y to 5,000 and C a,x 409 to range incrementally between 0 and 50,000, with S set to an realistic body mass. We 410 also extended this range to include increases in C a,y up to 50,000 whilst C a,x was set to 411 0 (i.e. soma-specific gene expression). We then plotted the estimated log 2 -fold change 412 in expression (FC) between the morphs against the degree of tissue-bias (log 2 (C a,x )-413 log 2 (C a,y )). With the exception of O. taurus, the difference in gonad-soma scaling 414 between morphs was sufficient to produce FC ≥0.5 for genes modelled as testis-415 specific, with FC increasing with testis-specificity in expression ( Figure 6A ). 416 We further explored how this effect might influence the kind of statistical 417 methods used in real analyses by simulating a modest dataset of 1,000 genes for 5 418 individuals of each morph using the scaling relationships as described above. Here, 419 C a,x and C a,y for each gene were set as equal, random numbers between 1 and 50,000 420 with 100 testis-specific genes and 100 soma-specific genes. Across individuals C a,x 421 and C a,y were constrained to be within 10% of expression level of the corresponding 422 gene in the first simulated individual. Under these conditions we would not expect 423 any evidence of significant expression differences due between groups because there 424 is no contribution of regulatory variation, as such, all gene expression differences are expressed genes in a comparative study using RNA-Seq for multiple reasons. Table 1 
Supplementary Results
Cellular scaling in mammalian brains
The analyses in the main text assume gene expression is related to cell number, independently of cell size. Neuronal cell size can differ dramatically across mammalian orders and across brain components (Mota & Herculano-Houzel 2014) (Table 3 ). In contrast, non-neuronal cells are much more consistent in size (Mota & Herculano-Houzel 2014). We repeated the analyses above multiplying the estimated transcript number per cell by the average cell size estimated for rodents and primates for each brain structure, assuming rodents reflect the glire average (Table S2 ; Figure   S1 panels A2, B2, C2 and D2). The effects of incorporating cell size vary across structures. In the cerebral cortex, where neuron size is much greater than nonneuronal size and more variable across orders, incorporating cell size shifts the range of FC estimated when varying S such that the effect on neuron specific genes is reduced whilst the effect on non-neuron specific genes is increased ( Figure S1 
